Introduction: Subhepatic appendicitis in children is an unusual condition
Introduction
Appendicitis is one of the most common surgical emergencies in childhood, and it is associated with low morbidity. However, when the appendix is situated in an atypical location, delay in diagnosis and increased complications may occur (1) .
The subhepatic position of the appendix is a result of intestinal malrotation, which is a spectrum of congenital malformations caused by an incomplete rotation and fixation of the bowel during development. Patients who are affected by malrotation usually present signs or symptoms in the neonatal period. The incidence of intestinal malrotation in infants and children after the first month of life is difficult to estimate as many of these anomalies remain asymptomatic (2) .
Previous studies have demonstrated that the laparoscopic approach in appendectomy offers advantages over the open technique in specialized pediatric centers (3) . The aim of our study was to compare the outcome of the laparoscopic approach for subhepatic appendectomies with the results of this technique when the appendix was situated in another position.
Materials and Methods
A retrospective study of 1736 pediatric patients who had undergone laparoscopic appendectomy from January 2000 to December 2013 in our tertiary center was performed. The hospital records were reviewed for preoperative, intraoperative, and postoperative parameters.
The patients were divided into two groups based on whether the appendix was subhepatic intraoperatively: the subhepatic group and the non-subhepatic group. In all procedures, a single umbilical incision was made and a multichannel port inserted. We used a 30 telescope to visualize the operative field after establishing the capnoperitoneum. The surgical technique was decided based on the laparoscopic skills of the surgical team, which was composed of one resident and one attending surgeon, and the location of appendix in the abdominal cavity. Poor visualization and technical difficulties related to pneumoperitoneum and port placement were reported as incidents in the operative records. Differences between the two groups were analyzed by SAS 9.3 software. Discrete variables were compared using the χ 2 test. Continuous variables were analyzed with the Wilcoxon test. A P-value less than 0.05 was considered statistically significant.
Results
Over a period of 14 years, 1736 pediatric patients underwent laparoscopic appendectomy. In this group, the appendix was located subhepatically in 56 cases (3.2%) and in another position in 1680 cases (96.8%). The patient demographics did not statistically differ between the groups. The mean age was 8.5 AE 3.0 years in the subhepatic group and 8.9 AE 3.2 years in the nonsubhepatic group. There were 36 boys (64.3%) and 20 girls (35.7%) in the subhepatic group and 1052 boys (62.6%) and 628 girls (37.4%) in the non-subhepatic group. The macroscopic description of the appendix documented by surgical team was termed as normal, phlegmonous, gangrenous, or perforated. Within the subhepatic group, appendicitis was phlegmonous in 35.7% of cases (n = 20), gangrenous in 44.6% of cases (n = 25), and perforated in 16.1% of cases (n = 9). Data were missing in 3.6% of cases (n = 2). Within the nonsubhepatic group, the appendix was normal in 3.2% of cases (n = 54), phlegmonous in 56.9% of cases (n = 956), gangrenous in 25.4% of cases (n = 427), and perforated in 11.3% (n = 190). Data were missing in 3.1% of cases (n = 53). There was a significant difference in the macroscopic descriptions between the groups.
The different treatments performed were videoassisted extracorporeal appendectomy, endoloop ligation, endostapler closure, and non-operative management. The results indicated that there was a statistically significant difference between the groups in terms of treatment (P < 0.05). Extracorporeal ligation of the appendix was the primary modality of appendectomy in both the subhepatic and non-subhepatic groups (69.6% and 89.8%, respectively). Closure of the appendiceal stump using endoloops and endostaplers was performed more often in the subhepatic group (9.0% and 19.6%, respectively) than in the non-subhepatic group (4.0% and 5.1%, respectively). The non-operative management of complicated appendicitis also depended on the surgeon. It was employed in 1.8% of the subhepatic group and in 1.1% of the non-subhepatic group.
The operative procedures were also analyzed with regard to technical difficulties, poor visualization, ruptured appendix, appendiceal bleeding, abdominal drain, operative time, and conversion. Table 1 presents a summary of these operative parameters. Technical difficulties, abdominal drain, and operative time showed statistically significant differences between the groups (P < 0.05).
Details regarding postoperative follow-up are shown in Table 2 . There was significant difference in duration of antibiotic therapy, postoperative fever, and length of postoperative hospital stay between the two groups (P < 0.05). However, analgesic and antibiotic therapies and postoperative complications were similar in both groups.
Discussion
Acute appendicitis is the most common abdominal surgical emergency in the pediatric age group. Despite being a frequent condition, some patients may have unusual presentations due to an atypical position of the appendix; this may lead to a delay in diagnosis and severe complications (1).
Intestinal malrotation occurs in approximately 1 in 500 births. It applies to a spectrum of intestinal anomalies, from an omphalocele in newborns to asymptomatic nonrotation of the large and small bowel in adults (2) . Subhepatic appendicitis was first described by King in 1955. In approximately 6% of cases, the elongation of the proximal colon does not occur during development, omitting the descensus of the cecum. In these cases, the cecum and the appendix remain between the right iliac fossa and the subhepatic location (4-6).
Subhepatic appendix has been reported in approximately 0.08% of all appendicitis. In our series, the incidence was higher (3.2%) than revealed by previous studies. There have been only a few cases of subhepatic appendicitis described previously in children (6,7). To our knowledge, our study includes the largest number of subhepatic laparoscopic appendectomies in pediatric patients reported in the literature. Appendectomy is a step of Ladd's procedure, and it should be performed in patients with malrotation. The laparoscopic approach allows for satisfactory exploration of the peritoneal cavity to locate the appendix, and it is an important diagnostic tool when the clinical diagnosis of appendicitis is in doubt (8) .
Significant advantages were reported in most studies comparing the laparoscopic and open approaches. The benefits of laparoscopy include better cosmetic results, less use of analgesics, earlier oral intake start, shorter hospitalization, and faster return to regular activities. In addition, laparoscopic techniques result in a lower incidence of postoperative complications such as wound infection and bowel obstruction. However, controversy remains regarding the best technique for the treatment of complicated appendicitis in children (8) (9) (10) (11) .
Appendicitis with an atypical location has been reported to involve a higher incidence of perforation and increased complications (1). In our study, more than half of subhepatic appendicitises were gangrenous or perforated, whereas in the non-subhepatic group, more than half of the cases were phlegmonous. Because of this, there were more technical difficulties, as well as a longer operative time, in the subhepatic group. The rate of postoperative complications in the non-subhepatic group was similar to those reported by other authors, but in the subhepatic group, the rate was a little higher (3,9-11). The rate of postoperative complications between our groups were not statistically significant. In accordance with the literature, we found that subhepatic appendicitis is often more complicated, but in our comparison, the rates of postoperative complications were similar. We do want to highlight that the laparoscopic approach allowed surgeons to modify the port placements according to the location of the appendix, thus avoiding the need for large incisions to access to the peritoneal cavity when the appendix was in an unusual situation.
In conclusion, laparoscopic subhepatic appendectomy is safe and does not lead to increased intraoperative or postoperative complications. However, the technique is made difficult by the fact that the appendix is in an atypical site, and the appendicitis is often complicated. 
